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Abstract of the contribution: This contribution discusses TA handling for NTN with moving cells. 
1. 
Introduction 
RAN and SA2 have agreed to use earth-fixed TAs. For moving cells this requires a cell to change the TACs that are broadcast in the SIB as the cell moves. Two options are possible: 

- 
Soft TAC switching where a cell may broadcast more than one TAC when moving between two earth-fixed TAs and

- 
Hard TAC where a cell always broadcast one TAC only and thus makes an immediate switch from one TAC to another.

It is still open (and covered by exception) how to handle earth-fixed TAs, multiple broadcasted TAs and switching of TAs for moving cells. In particular the impacts to features like reachability/paging and mobility restrictions need to be sorted out.
Based on an LS from RAN2, two options for handling multiple received TACs in the UE has been discussed: 1) AS layer in UE reports a single TAC for the PLMN to NAS layer, or 2) AS layer reports all received TAC(s) for a PLMN to NAS layer. RAN2 expressed a preference for option 2 (LS in S2-2103770) and CT1 replied that it is a feasible option (LS in S2-2105251). This question is however only one of the aspects that need to be addressed.
Below we provide an analysis of different aspects. 

2.
Example scenarios
To illustrate the analysis, a few example scenarios are shown in Figure 1 (Hard TAC) and Figure 2 (Soft TAC). The purpose is to illustrate how a stationary UE may see the TACs broadcasted in its cell. 
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Figure 1. Examples of Hard TAC switching (cells move towards the right)
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Figure 2: Examples of Soft TAC switching (cells move towards the right)

3.
Discussion

3.1 
UE triggering of mobility Registration

One question is when the UE should trigger a mobility Registration update procedure. When a single TAC is broadcasted, the UE can operate as in TN. However, when multiple TACs are broadcasted there needs to be some enhancements. A natural approach is that the UE only triggers mobility registration when none of the broadcast TACs for a PLMN can be found in the RA: 
Assumption 1: The UE triggers mobility registration when none of the broadcast TACs for the PLMN are included in the RA. When at least one broadcast TAC is in the RA, no mobility registration is needed.
3.2 
TAI provided by gNB to AMF
In TN, the gNB includes the broadcast TAI in the ULI provided via NGAP to AMF. This allows the AMF to learn the TAI that the UE is currently in. In case the UE sends a NAS mobility registration update, the AMF learns the current TAI from the ULI and provides an updated Registration Area (RA) to the UE with the new TAI included. 

One question for NTN with moving cells and possibly multiple TACs being broadcast per cell is what TA(s) will be included in the ULI from gNB to AMF. Several options are possible:

-
Alt 1: gNB decides a TAI based on its estimate of UE location

gNB determines TAI based on its estimate of UE location and a configured area (“map”) of TAs on the ground. The TAI included in ULI/NGAP to AMF may thus be different from the TAC being broadcast towards the UE (see example in Fig 1 at time T2 where AMF will receive TAI1 but gNB broadcasts TAC2)

-
Alt 2: UE selects one TAI and informs the NG-RAN
The UE selects one TAC from the broadcast TAC(s) and uses it as “current TAC”. The UE indicates the selected TAC to gNB via RRC and gNB provides the corresponding TAI to AMF via NGAP with the existing signaling. This ensures that the UE and network are aligned on what TA the UE is in. In case the NAS layer in the UE selects the “current TAC”, the NAS layer needs to inform the AS layer in the UE about the selected TAC. If only a single TAC is broadcast when UE initiates the signaling (e.g. with Hard TAC) there is in principle no need to provide it to gNB, since gNB can then use the broadcast TAC. 

-
Alt 3: gNB provides all broadcast TAI(s) to AMF.


The gNB includes all TAIs that are currently broadcast in the signaling to AMF. This requires NGAP enhancements since currently ULI only allows a single TAI. In this case there is no need for the UE to inform gNB about a selected TAI, and also no need for gNB to determine a TAI based on UE location. The gNB still however needs to determine other aspects based on UE location, such as NCGI and country of UE location in order to perform AMF selection.
Below we analyze the different options.
3.3
Handling of Registration Area and reachability/paging

One aspect to look at is how the Registration Area management and paging is impacted by the different alternatives. As mentioned above, the TAI in the ULI is used by AMF to determine what TAI to add to the UE’s RA.
Alt 1:

With Soft or Hard TAC, the TAI in ULI and the UE-selected TAC may be different. This may happen with Hard TAC if UE is located in a TA but gNB broadcasts another TAC (see UE1 in Fig1 at time T2) or with Soft TAC if a UE moves from one TA to another but still sees the old TAC being broadcasted (e.g. UE1 in Fig 2 moves into TA2 at time T2). This may result in that UE makes Service Request and AMF receives a ULI with a TAC not included in the RA. AMF will get confused by this “error” but could accept the situation knowing that NTN NR is used. AMF may optionally decide to trigger a mobility registration by sending a UE Configuration Update to the UE and add this TAC (from ULI) to the RA. 

With Hard TAC, there are however more severe issues for UEs close to TA borders. Such UEs will see toggling between e.g. TAC1 and TAC2 (see Fig 1), but the AMF will always receive a ULI based on UE location (TAC1 for UE1 in Fig 1). The AMF will add TAC1 to the RA, but not TAC2. During the times only TAC2 is broadcast (UE1 at time T2 in Fig 1), the UE will trigger mobility registrations due to seeing a TAC not included in the RA (TAC2). The AMF will however always receive a ULI with a TAI that is already included in the RA (TAC1) and will thus not update the RA, leaving the UE with a RA not including the broadcasted TAC. The UE may then send another mobility registration with the same result. 

Another issue with Hard TAC is how gNB should handle a page request from AMF. In the above example with RA including only TA1, the gNB needs to broadcast the page in all cells that (partially) project the TA1 earth area, even if those cells may broadcast a different TAC at the time (e.g. TAC2). The reason is that the UE may be in TA1 area, but in a cell broadcasting only TAC2. The gNB thus needs to map the TAI(s) in a NGAP page request from AMF into an area and then page the UE in all cells that are (partially) projecting in that area, irrespective of what TAC is being broadcast. This adds to the gNB complexity and configuration. For Soft TAC the gNB needs to do the same. Alternatively, for Soft TAC, the gNB could behave differently and page in all cells currently broadcasting the TA. 
Alt 2: 


With this approach the TAC selected by the UE is aligned with the TAC used in the network. This applies to both Soft and Hard TAC switching. There should thus be no “TAC discrepancy” or issues with updating the RA and ensuring that the TAC used by the UE is also available in the RA. 

The gNB processing is also simplified compared to Alt1 since gNB only needs to forward the UE-provided TAC to AMF. When AMF requests paging via NGAP, the gNB can page in those cells that currently broadcast the TA(s) requested by AMF.


A drawback with Alt 2 is that the earth fixed TA borders become geographically more fuzzy, since the UE can be considered to be in a TA as long as it can see that TAC being broadcasted. This should however not be a big issue since the NCGI is available as UE location information, and used e.g. for routing emergency calls. Also, if the cell sizes are small compared to the TA sizes, this TA border fuzziness will be limited compared to the overall TA size. 


Another aspect of Alt 2 is that there will be no strict N:1 mapping between NCGIs and TAIs provided in the ULI, since the NCGI is determined by gNB based on UE location, and the TAI is selected by the UE (or the only TA ID broadcasted). Such N:1 mapping between CGI and TAI is possible with terrestrial networks since each cell is broadcasting a single TAC only. However, to our awareness there is no functionality in the core network that makes use of this property. The CN does not need to be aware of what cells broadcast a certain TAI. There should thus be no issue to “decouple” NCGIs from TAIs for NTN. 

Alt 3: 


With this approach the AMF is aware of all TACs being broadcasted when receiving a UE-specific NGAP message, but not specifically about what TAC the UE is located in or what TAC that the UE has selected (if any). 
For Soft TAC, it requires NGAP enhancements to carry multiple TAIs to the AMF. For Hard TAC, this option is essentially the same as Alt 2 since there is always only a single TAC to choose from. 


When receiving a NGAP message with a ULI containing multiple TAIs, the AMF likely need to include all those TAIs in the RA to ensure that the UE is reachable. When AMF later requests paging, the gNB can page in those cells that currently broadcast the TAI(s) requested by AMF in the page request. The impact to gNB is thus small.

A drawback with this approach is that the RA will become larger than with Alt 1 or 2, since all broadcasted TAs will be added to the RA even if it would be possible to have a smaller RA with a single TAI in Alt1 and Alt2. This will result in that more paging resources are used. 


This option also has the drawback that the earth fixed TA borders become geographically more fuzzy, similar to Alt 2. There will also be no clear relation between a NCGI and a TA ID received by AMF on NGAP, similar to Alt 2. 

Observation: All options except possibly Alt 1 with Hard TACs can handle reachability/paging. Alt1 also has significantly higher gNB impact compared to Alt2 and Alt 3. Alt 2 has better paging efficiency than Alt 3 but Alt 2 requires the UE to provide a selected TAC to gNB.
3.4
Handling of mobility restrictions

Another issue is how to support Forbidden Areas (FA) and Service Area Restrictions (SAR). FA and SAR work in different ways. With FA, the UE maintains a list of forbidden tracking areas, and updates this list based on rejection cause codes received from the network. For example, if the UE tries to register in a forbidden TA, the network can reject with cause code “tracking area not allowed” and the UE should then add this TAI to its internal list and not communicate with the network when it is located in that TA. With SAR, the AMF will instead provide a list of allowed and non-allowed TAIs to the UE. This list covers only those TAs that are included in the RA. When entering a new TA not included in the RA, the UE triggers a mobility registration and receives an updated RA and SAR information. 

For both FA and SAR the UE is thus assumed to know what TA it is located in. In case multiple TAs are broadcasted, there needs to be a way to decide which TA is used to determine the restrictions. 

Below we analyze how each of the three alternatives discussed above could handle FA and SAR. 
Alt 1:


Since the gNB is assumed to determine a TAI based on UE location, it can be assumed that this TAI seen by AMF remains stable over time if the UE is stationary. The AMF can thus apply a consistent restriction for stationary UEs even if the broadcasted TAC changes. 
However, this may cause issues for the UE if the UE is not aware of what TAI is used by the network. For FA with Soft TAC, since the UE may see multiple TACs being broadcasted, the UE need to be informed which TAC caused the rejection. For Hard TAC, the same applies since the UE may see a different TAC being broadcasted than the TAI received by AMF in the ULI. In both cases the “current TAC” could be added to the NAS rejection message and provided together with the cause code to allow the UE to handle its list of forbidden TAs. But even in that case a difficult aspect with both Soft and Hard TAC and for both FA and SAR is how the UE can know when it can retry. Since a stationary UE may see different TACs being broadcasted at different times, it may retry when a new TAC appears, but the AMF may anyway reject since AMF receives the same TAI from gNB each time. This may result in a trial-and-error behavior. This aspect would require further study, and likely also analysis by CT1.

Alt 2:


With this alt, the UE and the network are aligned in what TAC is used. The handling of rejection messages can thus work as in terrestrial networks and the UE knows what applies based on the selected TAC. 

For Soft TAC, if the UE is rejected when using one broadcasted TAC, it could try again using a different broadcasted TAC. If that other TAC is not restricted, the UE can be accepted by the network. However, this may result in a toggling of restriction over time. For example, if TA1 in Fig2 is restricted, the UE1 would be rejected at time T1, but could send a Registration Request with TAC2 at time T2 which would be accepted. However, at time T3 when UE only sees TAC1 the UE would again be restricted. The same toggling applies for Hard TAC if the UE is close to a border between forbidden and non-restricted TAs. Whether such toggling can be avoided or is acceptable need further discussion. 
Alt3: 


For Hard TAC, Alt3 corresponds to Hard TAC with Alt 2, i.e. the same considerations apply.

For Soft TAC, if the AMF receives multiple TAIs from gNB, it is not clear what TA AMF should use to determine the restriction status. One option is that the AMF always applies the most generous restriction status. For example, in Fig2 for UE1 and time T2, the AMF could use TAI2 and accept the UE, even if TAI1 is restricted. However also this may result in toggling since at time T3 the UE would be restricted and be rejected by the network. The AMF could have other strategies to avoid toggling, e.g. to apply the restriction status using the TAI that is over time always provided by gNB. For UE1 in Fig2 this would be TAI1. This would result in a more stable restriction status over time, but not necessarily the most generous one. 


Similar to Alt1 the “current TAC” may need to be added to the NAS rejection message together with the cause code to ensure that the UE understands what TAI caused the rejection. 


With this option the UE sees the same TACs being broadcasted as the AMF finds in the ULI. However, the UE does not know which TAI is used by AMF for determining what restrictions to apply. The UE can thus not know what “current TAC” to use. This could be resolved if the UE knows what strategy AMF applies, e.g. it could be specified that AMF uses the most generous approach. This would allow the UE to determine whether it can retry or not. For example, UE1 in Fig2 could know that AMF uses a generous approach and can use that to know what restrictions to expect. Alternatively, if it is decided that the AMF applies the most conservative approach, the UE1 would know at time T2 that one forbidden TAC is broadcasted and that it should not communicate with the network. This latter approach may however conflict with the assumption in section 3.1.
Observation: All three options have pros and cons with how to apply FA and SAR, and would require further study and discussion, possibly involving also CT1. Alt1 could enable a stable restriction status for a stationary UEs close to borders between forbidden and non-forbidden TAs, but it has issues for how the UE knows which TA it is located in and how the UE can know when it can retry after a rejection. Alt2 allows the UE to determine current TA, but may result in toggling in restriction status for a stationary UEs close to borders between e.g. forbidden and non-forbidden TAs. Alt3 also has issues depending on the strategy of selecting TAI in AMF and if/how the UE can know when to retry. 

Proposal: It is proposed to discuss the options and how to address the issues. An alternative is to not support Forbidden Areas and Service Area Restrictions for NTN with moving cells in rel-17. It should be straight forward to support for NTN with earth-fixed radio cells where only a single TAC is broadcasted which does not change over time. In that case a solution for NTN with moving radio cells may be investigated in a future release.
3.5
Conclusions

- 
Support for reachability and paging can be enabled with different options

- 
The support of mobility restrictions with moving cells requires some further investigation. SA2 should discuss the options. Since this topic requires coordination between WGs (CT1, RAN2, RAN3) it can be continued also without an explicit exception and be discussed again at SA2#147E based on potential feedback from other WGs.  

-  
Independent of the mobility restriction topic, it needs to be decided what TAI(s) the ULI shall contain. Alt 2 (UE selects one TAI and informs the network) seems to be an approach with small impact to RAN and AMF, which can work with both Soft TAC and Hard TAC switches and has less risk for poor paging efficiency.

Proposal

Agree on the following assumptions:
-
UE triggers mobility registration when none of the broadcasted TACs are included in the RA. When at least one broadcasted TAC is in the RA, no mobility registration is needed. (this is option 2 in the RAN2 LS)
-
To support earth-moving cells with Soft TAC switching, the UE selects a TAC from the broadcasted TACs and provides it to gNB. The gNB includes the corresponding TAI in the ULI provided to AMF (i.e. Alt 2 described in this paper).
-
Support for mobility restrictions for NTN with earth-fixed radio cells works as in TN. Support for mobility restrictions with moving cells can also be applied, but may require further discussion in SA2 and with CT1.
A corresponding CR is available in S2-2105531 and a related LS OUT is available in S2-2105800.
3GPP
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